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Tunable Slow Dynamics in a New Class of Soft Colloids
Federica Lo Verso,a Jose´ A. Pomposo,a,b,c Juan Colmenero,a,b,d and Angel J. Moreno∗a,d
By means of extensive simulations, we investigate concentrated solutions of globular single-chain nanoparticles (SCNPs), an
emergent class of synthetic soft nano-objects. By increasing the concentration, the SCNPs show a reentrant behaviour in their
structural and dynamical correlations, as well as a soft caging regime and weak dynamic heterogeneity. The latter is confirmed
by validation of the Stokes-Einstein relation up to concentrations far beyond the overlap density. Therefore SCNPs arise as a new
class of soft colloids, exhibiting slow dynamics and actualizing in a real system structural and dynamical anomalies proposed by
models of ultrasoft particles. Quantitative differences in the dynamical behaviour depend on the SCNP deformability, which can
be tuned through the degree of internal cross-linking.
1 Introduction
Precisely defined polymers, folded into functional nanostruc-
tures that are able to target complex tasks, are constantly
encountered in nature. In order to engineering functional
soft nanomaterials that closely mimic biomolecules in struc-
ture and behaviour, a paradigm in polymer synthesis involves
handling single polymer chains1. Among the various tech-
niques employed to these ends, the collapse of single polymer
chains (precursors) via purely intramolecular cross-linking,
into single-chain nanoparticles (SCNPs), has gained increas-
ing interest over recent years2–5. Significant effort is being
devoted to endow SCNPs with useful functions for multiple
applications in, e.g., nanomedicine, biosensing, bioimaging or
catalysis6–10.
Recent investigations by experiments and simulations have
highlighted that, in general, the usual synthesis protocols in
good solvent conditions produce SCNPs with open, sparse
conformations8,9,11,12. As revealed by extensive simula-
tions11, this feature originates from a fundamental property:
the self-avoiding conformations of the linear precursors in
good solvent. In these conditions the formation of long loops,
at the origin of an efficient global compaction of the SCNP,
is statistically unfrequent. Instead, bonding between reactive
groups at short contour distances, which promotes only local
globulation, is highly favoured.
The control of the size, shape and internal malleability of
SCNPs is a key issue, since their target functions will inti-
mately depend on such parameters. To bypass the intrinsic
limitations of the synthesis in good solvent, and to obtain glob-
ular SCNPs, we have recently designed solvent-assisted syn-
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thesis routes13 that promote bonding over long contour dis-
tances. These experimentally accessible protocols14,15, de-
scribed in detail in Ref.13, prevent interparticle aggregation
and do not require specific sequence control of the precursors.
In all cases, after completing the cross-linking and restoring
good solvent conditions, the swollen SCNPs are globular ob-
jects. It is worth noting that, even by starting from the same
precursors (same molecular weight and fraction of reactive
groups), the topologies of the obtained SCNPs are intrinsically
polydisperse. Still, the former routes lead to much narrower
distributions in size and shape than those obtained by perform-
ing the synthesis in good solvent13. Recently, we have intro-
duced a new route in good solvent, where formation of long
loops is promoted by using long multifunctional cross-linkers.
Simulations and experiments confirm that this route also pro-
duces globular SCNPs16.
All in all, the progress made so far in the synthesis and char-
acterisation disclose SCNPs as versatile systems allowing for
effective tuning of their softness and folding, and open up new
realms for understanding and tailoring the phase and dynami-
cal behaviour of complex fluids. In this article we focus on the
case of globular SCNPs in concentrated solutions. By means
of large-scale simulations based on a standard bead-spring
model17, we investigate the structure and dynamics of these
solutions. In analogy with models of ultrasoft particles18,
by increasing the concentration the SCNPs show a reentrant
behaviour in their structural and dynamical correlations, as
well as a soft caging regime and weak dynamic heterogeneity.
These anomalies quantitatively depend on the SCNP degree
of deformability. Globular SCNPs, with a tunable degree of
compactness, emerge as a new class of soft colloids bridging
the gap between linear polymers and hard colloids. As a con-
sequence they are a very promising, experimentally realisable
system for getting insight into the mechanisms of diffusion
of soft nano-objects in crowded environments (as expected
for nanocarriers in biological habitat)19,20, and to draw new
strategies for tailoring the rheological properties of polymer-
based nanomaterials21.
The article is organized as follows. In Section 2 we give
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model and simulation details. In Sections 3 and 4 we present
and discuss structural and dynamic anomalies of concentrated
solutions of SCNPs. Conclusions are given in Section 5.
2 Model and Simulation Details
We use a bead-spring model13,17 to simulate the SCNPs. We
consider two different types of SCNPs, denoted as P30 and
P72. Each SCNP of type P30 consists of 520 beads in total.
N = 400 beads correspond to the backbone chain and L = 120
beads are reactive side groups, so that the fraction of reactive
side groups is f = L/N = 30 %. Each SCNP of type P72 is
made of 688 beads in total, with N = 200 beads forming the
backbone and a fraction f = 72 % of reactive side groups,
with the reactive beads at the ends of the groups. In all cases
the side groups are randomly distributed along the backbone
contour of the precursor.
The SCNPs are synthesised from the precursors by follow-
ing the protocols introduced in Ref.13, which are designed
to prevent intermolecular aggregation, i.e., cross-linking is
purely intramolecular by construction. Briefly, in the synthe-
sis of the P72-SCNPs, cross-linking is performed in bad sol-
vent, with the precursors anchored to a surface. In the synthe-
sis of the P30-SCNPs we use an amphiphilic precursor with
unreactive solvophilic and reactive solvophobic units, which
forms a single core-shell structure with the reactive units in
the core. Cross-linking is irreversible in all cases, i.e., when
two reactive groups form a mutual bond they remain perma-
nently bonded and are not allowed to form new bonds with
other groups. After completing the cross-linking and restoring
good solvent conditions for all the units, the swollen SCNPs
obtained by both routes are globular objects. Further details of
the model and cross-linking procedure can be found in Ref.13.
We use each type of SCNP (P30, P72) to construct their cor-
responding solutions, which are investigated at different con-
centrations. In these solutions the interactions between the
beads are modeled by a purely repulsive Lennard-Jones (LJ)
potential:
VLJ(r) = 4ε[(σ/r)12− (σ/r)6 + 1/4], (1)
which is cut-off at r = 21/6σ . We use a mass m = 1 for all
beads, and set the LJ parameters13,17 ε = σ = 1 as units of en-
ergy and distance respectively. Interactions between mutually
bonded beads are modeled by a FENE potential17:
VFENE(r) =−εKR20 ln[1− (r/R0σ)2], (2)
with K = 15 and R0 = 1.5. The use of the LJ and FENE poten-
tials prevents strong fluctuations of the bonds and guarantees
chain uncrossability17. With this, the interactions between the
SCNPs in the solutions are driven just by monomer excluded
volume and bond uncrossability, mimicking good solvent con-
ditions.
Since, as aforementioned, cross-linking of the precursors
leads to SCNPs with topological polydispersity, the corre-
sponding solutions P72 and P30 are intrinsically polydisperse.
We investigate a third solution (M72) formed by replicas of the
same SCNP. The replicated SCNP is taken from the P72 sys-
tem. Namely we select a SCNP with the same time-averaged
size and shape as the corresponding averages over all the SC-
NPs (see below). The system M72 is intrinsically monodis-
perse: all replicas are topologically identical, and polydis-
persity just originates from the intramolecular dynamics that
leads to size and shape fluctuations of the different replicas.
By investigating the P72 and M72 systems, we discriminate
the role of the intramolecular fluctuations from that of the in-
herent topological polydispersity. The P72-SCNPs are more
tightly cross-linked, and hence less deformable, than the P30-
SCNPs. Therefore, by comparing them we investigate the role
of the intramolecular deformability on the structure and dy-
namics of the solution.
In the three investigated solutions the used number of SC-
NPs is Np = 125, yielding a total number of monomers Nmon =
86000 (P72 and M72) and Nmon = 65000 (P30). The SCNPs
are initially inserted in a cubic box of size L, with periodic
boundary conditions and monomer density ρm = Nmon/L3 ∼
0.015. This density is about 20 times smaller than the overlap
concentration (see below) and is considered as ‘infinite dilu-
tion’ ρ → 0. The minimum distance between any two SCNPs
inserted in the initial configuration is chosen in order to pre-
vent concatenations. Once the box at ρ → 0 is constructed and
equilibrated, it is very slowly compressed (again preventing
concatenation) and equilibrated at different selected densities.
Equilibration runs extend over sufficiently long times so that
each SCNP diffuses to a distance of several times its diameter,
fully decorrelating from its initial conformation. The equili-
brated boxes are used for the acquisition runs to characterize
the conformational and dynamical properties of the SCNPs.
The SCNP density, normalized by the average diameter of
gyration at infinite dilution (Dg0), is defined as ρ =NpD3g0/L3.
For all the investigated systems Dg0 ≈ 12.8 (see mean value
of the distribution of time-averaged diameters of gyration,
Fig. 1). The overlap density is defined as ρ = ρ∗ = 1 and
corresponds to the density for the onset of intermolecular con-
tacts at the macromolecular peripheria. The investigated den-
sities cover the whole range from infinite dilution to values of
ρ = 1.6−2.7 (depending on the specific system) well beyond
the overlap density.
The simulations have been peformed under Langevin dy-
namics (LD) (see Ref.11 for details of the implementation) at
temperature T = 1. Equilibration and acquisition runs typi-
cally extend over 108 time steps. The simulations of the so-
lutions have been performed by using the GROMACS 4.6.5
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Fig. 1 Distribution of time-averaged diameters of gyration, ¯Dg0, for
the systems P72 and P30 at infinite dilution
package22. To improve statistics of the dynamic observ-
ables (mean squared displacements, diffusivities and scatter-
ing functions), additional averages have been performed over
10 time origins. No signatures of aging (i.e., drift of properties
with the time origin) have been observed.
The use of LD neglects hydrodynamic effects, whose imple-
mentation involves a much higher computational cost. In order
to have a cogent test of this assumption, we have performed
additional simulations with hydrodynamic interactions for the
system P30 at the lowest density, and compared them with the
simulations under LD at the same density. Indeed P30 repre-
sents the less compact and more flexible system considered in
this work, and consequently the one which should be more af-
fected by hydrodynamic interactions, which moreover become
more relevant at lower concentrations. To simulate hydro-
dynamic interactions we implement the multi-particle colli-
sion dynamics (MPCD) scheme, which leads to correct hydro-
dynamics (Navier-Stokes equation) in the continuum limit23.
Details on the implementation of MPCD can be found in, e.g.,
Refs.24,25. The solvent is represented as Ns point particles
of mass ms. The MPCD algorithm consists of a streaming
and a collision step. In the streaming step the solvent parti-
cles perform ballistic motion. In the collision step the solvent
particles and the beads of the SCNPs are sorted into cells of
size d. The corresponding velocities are rotated an angle α ,
around a random axis, respect to the center-of-mass velocity
of the cell. We use a density of solvent particles Ns/L3 = 10,
and the parameters ms = 0.1, α = 150◦ and d = 1.125 for the
MPCD algorithm. The SCNPs in the MPCD simulations are
distributed over independent boxes of size L ∼ 5Dg0, which
prevents significant size effects on the hydrodynamic proper-
ties25. Collisions as described above are performed every 50
MD steps. The monomers are propagated under LD between
consecutive collision events, with a time step ∆t = 0.003. With
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Fig. 2 Average diameter of gyration versus density for the systems
P72, M72 and P30.
the former conditions, the collisional viscosity dominates over
the kinetic viscosity, and hydrodynamic interactions are fully
developed24,25.
3 Structure
To highlight the soft colloidal character of the globular SC-
NPs, we investigate the density dependence of the structural
and dynamical correlations of their centers-of-mass, from
high dilution to concentrations beyond the overlap density.
Figs. 2, 3, and 4 show the effect of density on the size and
shape of the SCNPs. As expected, the SCNPs shrink at con-
centrations beyond the overlap density (Fig. 2). Their size de-
creases up to about 25 % at the highest investigated densities.
The fluctuations in the shape of the SCNPs can be char-
acterized by the instantaneous values of their asphericity (a)
and prolateness (p) parameters11,13. The corresponding dis-
tributions are displayed in Figs. 3 and 4, respectively. Results
are shown for different densities, including infinite dilution
(ρ ≪ ρ∗) and the highest investigated density in each case.
We observe that SCNPs maintain their predominantly prolate
(p → 1) and quasi-spherical (a→ 0) character. Unlike for the
size, the distributions of the shape parameters are esentially
unaffected by increasing the concentration in the polydisperse
systems P72 and P30. Visible, though moderate, changes are
instead found in the monodisperse solution M72. Increasing
the concentration far beyond the overlap density (see data for
ρ = 2.37) results in a broader distribution of the asphericity
and, on average, more prolate SCNPs. Apparently, if SCNPs
are surrounded by other topologically different SCNPs, they
can mutually optimize packing through internal deformations
without altering their shape distribution. This is not possible
if all SCNPs are topologically identical and have the same de-
formability, so that they optimize the packing by adopting, on
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Fig. 3 Distributions of the asphericity for the three systems
investigated, P72 (a), M72 (b), and P30 (c), for some representative
densities. Symbol codes have the same meaning in all panels (see
legends).
average, more elongated conformations.
Fig. 5 shows the radial distribution function, g(r), of the
SCNP centers-of-mass. In panel (a) we compare results for
the polydisperse P72 solution and for its monodisperse coun-
terpart M72. Panel (b) shows results for P30. As expected,
below the overlap concentration the height of the peaks grow
with density, indicating increasing order. However, at high
concentration, we find two important features. First, the sys-
tem always remains fluid. It does not crystallize even in the
monodisperse case M72. This becomes evident by inspection
of the mean-squared displacement (MSD), which does not sat-
urate to a plateau and ultimately reaches the diffusive regime
(Fig. 8a). Second, above ρ∗ the first peak of g(r) decreases,
highlighting a loss of structural order in the solution by in-
creasing the density beyond the overlap concentration. This
behaviour resembles that observed in some real soft colloids
and models of ultrasoft particles18,26–30. It originates from the
penetrable character of the SCNPs that is inherent to their de-
formability. Thus, the observed loss of order at high density
involves a broader distribution of interparticle distances and
therefore strong interpenetration for the closest SCNPs. Un-
like in hard colloids, the energetic cost for interprenetration is
moderate, and is compensated by the entropic gain produced
by disordering.
The P30 system has a lower degree of order than the more
tightly cross-linked P72 system. This is not suprising since
the higher deformability of the P30 SCNPs facilitates stronger
fluctuations of the local correlations. Interestingly and in a
counterintuitive fashion, the polydisperse P72 system has a
higher degree of order than its monodisperse counterpart M72
at the same density. This is demonstrated by the higher peak
in the g(r) of P72 respect to M72. To shed light on the origin
0.4
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Fig. 4 Distributions of the prolateness for the three systems
investigated, P72 (a), M72 (b), and P30 (c), for some representative
densities. Symbol codes have the same meaning in all panels (see
legends).
of this unexpected feature, we analyze in more detail the cor-
relations between the intrinsically polydisperse SCNPs in the
P72 system. We divide the SCNPs in three ‘species’ (‘small’,
‘middle’, and ‘large’). The small and large SCNPs are de-
fined as the 16% of particles with, respectively, the lowest
and largest values of the time-averaged diameter of gyration
¯Dg0. The middle SCNPs are the remaining 68%. Fig. 6 shows
results, for the P72 system, of the partial g(r)’s of the three
species. At low concentration (panel (a)) the three functions
are very similar. The inset shows a snapshot of the solu-
tion, where the three species indeed seem to be uniformly dis-
tributed. However, by increasing the concentration, the small
particles start to aggregate and form clusters. This is high-
lighted in panel (b) (density ρ = 1.57, above the overlap con-
centration), both by the snapshot (where only the small SCNPs
are displayed), and by the sharp main peak of the partial g(r)
of the small particles. In this panel we also include the g(r) of
the monodisperse system M72 at the same ρ = 1.57. Differ-
ences between this and the g(r) of the 68% middle particles of
the P72 system are negligible. On the other hand, differences
are much more pronounced with the g(r) of the 16% smallest
particles than with the same fraction of the largest particles.
Therefore we conclude that the higher degree of ordering in
the polydisperse P72 respect to the monodisperse M72 origi-
nates from the aggregation and clustering of the small particles
in the former.
4 Dynamics
As mentioned in Section 2, hydrodynamic interactions have
been neglected and all the simulations have been performed
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Fig. 5 Lines: radial distribution function of the centers-of-mass at
different densities for the P72 (a) and P30 (b) solutions. Circles in
(a) are the results for M72. Same color codes in both panels.
Fig. 6 For P72, partial radial distribution functions at low (a) and
high (b) density according to the time-averaged size (see text). In (b)
we include the g(r) of the M72 system. Snapshots: in (a), green, red
and blue correspond to small, middle and large SCNPs respectively;
in (b) only the small ones are shown (each in a different color).
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Fig. 7 Mean squared displacement of the monomers (solid curves)
and centers-of-mass (c.o.m, dashed curves) for P30-SCNPs at
infinite dilution. Data are shown for simulations with (MPCD, red
curves) and without (Langevin dynamics, black curves)
hydrodynamic interactions. Subdiffusive and diffusive power-laws
are indicated for comparison.
under LD, though for testing this approximation MPCD simu-
lations have also been performed for the P30 system at ρ → 0.
Fig. 7 shows the corresponding mean squared displacements
(〈∆r2(t)〉, MSD), both for monomers and centers-of-mass, ob-
tained by LD and MPCD simulations. The results confirm that
hydrodynamic interactions play a minor role. Only small dif-
ferences are found between LD and MPCD at infinite dilution.
Therefore such differences will be negligible at the high con-
centrations where the slow dynamics arise, and the use of LD
is justified. A detailed characterization of the intramolecular
dynamics is beyond the scope of this work and will be pre-
sented elsewhere. Still, the results in Fig. 7 for the MSD of
the monomers, exhibiting two apparent subdiffusive regimes
prior to the final transition to diffusion (〈∆r2〉 ∝ t), anticipate
a complex character of the intramolecular dynamics.
Now we investigate the dynamic consequences of the
observed structural anomalies at concentrated solutions In
Fig. 8a we show the MSD of the SCNP centers-of-mass for
the M72 solution, up to the highest density investigated. The
MSD data are normalised by D2g0 = 〈D2g0〉 in order to show dis-
placements in terms of the SCNP size. In standard colloidal
fluids at high densities, particles can be mutually trapped by
their neighbours over several time decades. This is the well-
known caging effect that leads, after the short-time regime,
to the appearance of a plateau in the MSD versus time t,
and whose duration increases by increasing concentration. At
longer times, particles escape from the cage and reach the dif-
fusive regime. However, within the investigated concentration
range, no well-defined plateau is found in the solutions of SC-
NPs. Instead, as a consequence of the deformable and pene-
trable character of the SCNPs, the MSD exhibits a soft caging
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Fig. 8 (a): Normalised MSD of the centers-of-mass for the M72
solution at different densities. Top and bottom dashed lines indicate
diffusive and subdiffusive behaviour, respectively. (b): Diffusivity
vs. density for the three investigated systems of globular SCNPs.
For comparison we include results for sparse SCNPs synthesised in
good solvent (GS). Unless explicitly indicated, error bars are smaller
than the symbol size.
regime, which eventually ends in the diffusive regime at long
times. The same qualitative behaviour is found for the three
systems investigated.
Dynamic differences between the three systems can be
quantified by analysing the diffusivity D. This is determined
as the long-time limit of 〈∆r2(t)〉/6t, for the densities at which
the linear regime is reached within the simulation time. Fig. 8b
shows the density-dependence of the normalized diffusivity of
the SCNP center-of-mass, D/D2g0. At low densities ρ ≪ ρ∗
collisions are relatively unfrequent and increasing concentra-
tion just leads to a weak reduction of the diffusivity. While ap-
proaching the overlap density, we see a strong decrease of the
mobility of the SCNPs. Concomitant with the emergence of
the soft caging regime in the MSD, the diffusivity exhibits the
characteristic behaviour of hard colloid solutions, i.e., a sharp
drop in a narrow density interval close to the overlap concen-
tration. Still, a steeper behaviour is found for the more tightly
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Fig. 9 (a): Density dependence of the coherent scattering function
of the M72 system. (b) Density dependence of the inverse
diffusivities (circles) and the relaxation times (squares) of the
coherent scattering functions for the M72 system. Error bars in (b)
are smaller than the symbol size.
cross-linked systems (P72 and M72) than for the more de-
formable P30, in close analogy with observations in microgels
of tunable softness31. For comparison, we display in Fig. 8b
the diffusivity for solutions of SCNPs (25 % of cross-linked
groups) synthesised in good solvent. These SCNPs (denoted
as GS) show open sparse topologies11. As expected for the
highly deformable GS-SCNPs, they are much more penetra-
ble than the globular SCNPs and produce a much weaker ex-
cluded volume effect. Hence, in the same range of normalized
density they show a much weaker reduction of mobility than
the globular SCNPs.
A striking behaviour is found by increasing the concentra-
tion of the globular SCNPs beyond the overlap density ρ∗= 1.
The dynamic counterpart of the loss of structural order high-
lighted by g(r) is a much weaker density dependence of D for
ρ > ρ∗, and eventually a reentrant behaviour (see the diffusiv-
ity minima at ρ ∼ 1.6 in Fig. 8b). Similar findings are obtained
by analysing the normalised coherent scattering function of
the SCNPs centers-of-mass, Fcoh(q, t), which probes the slow-
ing down of the collective motion. We compute Fcoh(q, t) at
the wavevector q of the maximum of the static structure fac-
tor of the centers-of-mass, at the highest density investigated.
Fig. 9a shows the results for the M72 system. We calculate the
relaxation time τ as Fcoh(q, t = τ) = 0.2 (we denote τ = τ0.2).
Fig. 9b shows results for the density dependence of τ0.2 in the
M72 system. We include the corresponding values of 1/D for
comparison. As observed for the diffusivity, we find a similar
reentrance in the relaxation times.
This dynamic reentrance by increasing concentration
resembles that observed in models of ultrasoft parti-
6 | 1–8
0 0.5 1 1.5 2 2.5 30
5
10
ρ
P72
M72
P30
HS
D
(ρ
)τ 0
.2
(ρ
) / 
D
(0)
τ 0
.2
(0)
Fig. 10 Normalised product Dτ vs. ρ for P72, M72 and P30, and
for the hard sphere (HS) system. Data for HS are taken from Refs. 33
(filled diamonds) and 34 (open diamonds).
cles18,28,29,32. To the best of our knowledge, the present re-
sults constitute the first observation of this dynamic anomaly
in a real, monomer-resolved soft colloid with purely repul-
sive interactions. In summary, the former observations open
up the possibility of modifying and controlling the dynami-
cal behaviour of the solutions by tuning the compactness and
deformability of the SCNPs through their degree of cross-
linking. In particular, they allow for the realisation of dy-
namical anomalies proposed by models of ultrasoft particles.
This result is highly non-trivial since such anomalies arise in
our system beyond the overlap density. Indeed our monomer-
resolved model accounts for intramolecular shrinkage and de-
formation at such densities, a feature not considered by the
mentioned models, which are based on density-independent
interactions between structureless single-particles.
So far we have disclosed the remarkable tunability of
the dynamical behaviour of SCNPs by changing their soft-
ness/deformability. As outcome, the system is very promis-
ing in terms of clarifying important issues connected to the
dynamics of soft colloids with slow relaxation. Inspired by
recent work33 we test the validity of the Stokes-Einstein (SE)
relation. A usual fingerprint of fluids showing slow structural
relaxation is the breakdown of the SE relation34,35, namely the
product of the viscosity and the diffusivity is no longer con-
stant as relaxation times increase by e.g., increasing density
or decreasing temperature. This feature is attributed to the
presence of dynamical heterogeneities, which are weighted
in a different fashion by the diffusivity and viscosity observ-
ables. In Ref.33 this question was investigated in a system of
polydisperse star-like micelles. Unlike in the archetype sys-
tem of hard-sphere (HS) colloids (see Refs.33,34 and data in
Fig. 10), no breakdown of the SE was observed up to the over-
lap density. This was assigned to the ultrasoft character of
the interaction between the micelles33, as suggested by mod-
els of ultrasoft particles displaying weaker dynamic hetero-
geneity than the hard counterparts36. In Fig. 10 we show the
product of the relaxation time τ (proportional to the viscosity)
and the diffusivity, normalised to the value at infinite dilution.
Data in Fig. 10 demonstrate that, unlike in HS, the SE relation
holds for the globular SCNPs, in agreement with the results
of Ref.33 for star-like soft colloids, and extending them over a
much broader density range, far above the overlap concentra-
tion (unexplored up to now).
5 Conclusions
In summary, we have unveiled globular SCNPs as a very
promising and versatile system. Well-defined synthesis
protocols can produce objects with different degrees of
compactness. By means of such realistic, experimentally
accessible and flexible system, it is possible to target different
rheological properties, and in particular anomalous features
proposed by models of ultrasoft particles. These include reen-
trant behavior in the density dependence of the structural and
dynamical correlations of the SCNPs, a soft caging regime,
and weak dynamic heterogeneity far beyond the overlap
density. Due to its tunable soft colloidal character, covering
the gap between polymers and hard colloids, globular SCNPs
represent an optimal platform for a deep comprehension
of the mechanisms behind diffusion of soft nano-objects in
crowded environments.
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